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6.0 Science Operations

Define, develop, implement and validate methods, concepts, requirements, software tools,  observing procedures, users’ and system interfaces, users’ and system documentation, and WMKO support for conducting NGAO science operations:

6.1 Multi-subsystems Command Sequencer 
This WBS focuses on developing efficient, reliable, automated and likely, parallelized sequences that will require sending/coordinating commands between two o more sub-systems, including the science instruments. At this point in the design study, we believe this is where we document the design and fabrication requirements for simple or complex automation & coordination for setup, configurations, calibrations, troubleshooting, efficient telescope dithering and offsetting, and optimization. We will also study the requirements for added design flexibility, particularly the possibility of making changes to these automations during the first year of operations. 
6.1.1 Sequencer Infrastructure

Definitions, communication methods, protocols and standards, system interfaces (hardware and software), syntax, language, parameters, and documentation required for interfacing and coordinating the NGAO sub-systems with each other and with the science instruments. This will drive requirements on writing the processes to command and coordinate the various sub-systems as a function of type of event, science instrument, observing modes and observing sequences. These methods and interfaces should be fully consistent and complementary to WBS 4.3, 4.4 and the following elements in the WBS 6.

6.1.2 Setup Sequences: Configurations and Calibrations

Definitions, methods, procedures & algorithms, tools, parameters, documentation and WMKO support required for setting up (and switching from/to) the NGAO systems in its various configurations as a function of science instrument, operation mode & observing modes. These methods and tools should be fully consistent and complementary to WBS 4.3, 4.4. 

This WBS includes the design (requirements, method & algorithm, documentation, expertise, frequency, etc) for the day-time calibration procedures that require coordination between two or more sub-systems, and management of the calibrations files. The requirements for the calibration methods, procedures and tools should be consistent and complementary to WBS 4.3, 4.4.
6.1.3 Observing Sequences:

Definitions, methods, procedures & algorithms, communication protocols, parameters, documentation and WMKO support required for acquisition sequences, observing sequences, optimization sequences, and troubleshooting sequences.

6.1.3.1 Acquisition

This WBS includes developing the acquisition sequences derived from the observing scenarios for all the science cases and beyond (e.g, IF): acquiring & closing the AO loops (LOWFS, HOWFS, Truth Sensor, etc) on the NGS and LGS guide stars, fine-centering the science field on the science array, error handling and handling of various acquisition singularities. These methods and tools should be fully consistent and complementary to WBS 4.4, 4.2.11, 4.3.4 & 6.1. Particular attention is required on efficiency, automation, accuracy and reliability of the acquisition process.

6.1.3.2 Observing Sequences

This WBS includes developing the observing sequences derived from the observing scenarios for the science cases and beyond. In particular, these observing sequences that include dithering/offsetting will require the coordination of commands with the telescope and the science instruments. These observing sequences will  include the on-sky calibrations for the subsystems if needed. Particular attention is required on efficiency, reliability, and developing (generic) sequences that can be customized based on some users’ parameters.

6.1.3.3 Performance Monitoring and Optimization

This WBS includes developing the sequences to retrieve, estimate and log the image quality for the science data (SNR, WF residual, SR, EE, etc) including environmental parameters & observing conditions (seeing Cn2, wind, transparency). A second section of this WBS should include the sequences to optimize the NGAO image quality for the science (e.g, optimize AO performance, EE, by adjusting the radius of the laser asterism). Clearly establish the level of AO-expertise for performing these tasks on-sky. Particularly, anticipate upgrading these tools as new automated optimization tasks are required for routine operations. This topic has to be addressed very closely with WBS 4.3..3, 4.3.4, 4.4. 

6.1.4 Data Logging and Troubleshooting
Method, software tools, documentation, interfaces and WMKO support to monitor the NGAO status and “health”, as well as manage the troubleshooting phases, if any. These tools include automated recovery tools. Clearly establish the level of AO-expertise for performing these tasks on-sky. Particularly, anticipate upgrading these tools as new automated monitoring, optimization and recovery tasks are required for routine operations. This topic has to be addressed very closely with WBS 4.4. 

6.2 User Interfaces

The User Interfaces includes the methods, software tools, interfaces and WMKO support required to operate the system and perform the observations. The User Interfaces will extensively communicate with and send command to the Observing Sequencer (WBS 6.1). The User Interfaces may also communicate directly with the individual subsystems sequencer for simple commands. These Interfaces will include a suite of Operation and Observation GUIs that can be configured (in part or totally) using the outputs of the planning tools, and that will be used by the support staff and the observer to control the observations. 
6.2.1 User Interface infrastructure

Definitions, communication methods, protocols and standards, system interfaces (hardware and software), syntax, language, parameters, and documentation required for interfacing between the user (operator, expert, observer) and the commands.

6.2.2 Setup Operations: Configuration, Calibrations

From the detailed observing scenarios and from the calibrations procedures, develop information, layouts & parameters, software tools, documentation and WMKO support for setting up the system in the various listed configurations as well as for performing the calibrations. These methods and tools should be built with the user in-mind and be fully consistent and complementary to WBS 6.1.2. This topic has to be addressed very closely with the science instruments.

6.2.3 Observations User Interfaces for operator, observer, specialist

From the detailed observing scenarios, develop information, layouts & parameters, software tools, documentation and WMKO support for acquiring science data (acquisition and observing sequences on science target, background emission and calibrations). These methods and tools should be built with the user in-mind and be fully consistent and complementary to WBS 6.1.2. This topic has to be addressed very closely with the science instruments.

6.3 Pre- and post-observing Science Support Tools

6.3.1 Users’ Documentation 

NGAO Users’ Documentation (electronic and paper) effort including the relevant NGAO documentation for the astronomer and the WMKO support to keep the documentation up-to-date.

6.3.2 Planning Tools

Method, tools, documentation and WMKO support to plan for and simulate science observation sequences.
6.3.2.1 Science Observations Planning Tools
The Tools include a Natural Guide Star Finder (TT stars, a TTFA star, a TWFS star, maybe a PSF star, and sometimes a HO NGS star), a NGAO Performance Predictor (SR, EE, SNR) and Observing Efficiency Estimator as a function of guide stars (NGS, LGS) availability and configuration, AO & science instrument setup, observing conditions (seeing, elevation, etc). The tool will used at various stages of the observation planning process and its outputs and results will be used for setup and execution of the science observations. These methods and tools should be fully consistent and complementary to the science instrument tools.

6.3.2.2 Laser Clearinghouse Coordination Tool

Method, procedures, tools, documentation and WMKO support to coordinate the approval of targets with the laser clearinghouse and to provide an automated interface to be used for the observations planning and during the observations. This should include the possibility of submitting targets a few-hours before the observations. These methods and tools should be fully consistent and complementary to WBS 6.1.1 and 6.2.2.
6.3.3 Data Products

Define the method & interfaces required for an efficient use of the science data.
6.3.3.1 Generic Data Products

Method, software tools, documentation, interfaces and WMKO support for the data product outputs from a generic science instrument: raw, reduced and calibrated. 

6.3.3.2 Science Data Quality Assessment

Method, software tools, documentation, interfaces and WMKO support for a-posteriori quality metric estimate from the recorded data, with particular emphasis on science PSF reconstruction from WFC data, PSF camera monitoring and/or Cn2 data. 
6.3.3.3 Science Data Archiving

Method, software tools, documentation, interfaces and WMKO support required to archive the data. Particularly, explore options for flexible and expandable data archiving (including data retrieval) depending on the science requirements.
